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Summary. Monocytes and macrophages are capable of 
degrading both the mineral and organic components of 
bone and are known to secrete local factors which 
stimulate host osteoclastic bone resorption. Recent 
studies have shown that monocytes and macrophages, 
including those isolated from neoplastic and 
inflammatory lesions, can also be induced to 
differentiate into cells that show all the cytochemical and 
functional characteristics of mature osteoclasts,  
including lacunar bone resorption. Monocyte/macro- 
phage-osteoclast differentiation occurs in the presence of 
osteoblasts/bone stromal cells (which express osteoclast 
differentiation factor) and macrophage-colony 
stimulating factor and is inhibited by osteoprotegerin. 
Various systemic hormones and local factors (eg 
cytokines, growth factors, prostaglandins) modulate 
osteoclast formation by controlling these cellular and 
humoral elements. Various pathological lesions of bone 
and joint (eg carcinomatous metastases, arthritis, aseptic 
loosening) are associated with osteolysis. These lesions 
generally contain a chronic inflammatory infiltrate in 
which macrophages form a significant fraction. One 
cellular mechanism whereby pathological bone 
resorption may be effected is through generation of 
increased numbers of bone-resorbing osteoclasts 
from macrophages. Production of humoral factors 
which stimulate mononuclear phagocyte-osteoclast 
differentiation and osteoclast activity is also likely to 
influence the extent of pathological bone resorption. 
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Introduction 
Bone resorption occurs physiologically throughout 
life, being necessary for the growth of bone as well as 
bone remodelling, which occurs continuously throughout 
Offprint requests to: Dr. N.A. Athanasou, Nuffield Department of 
Orthopaedic Surgery, Nuffield Orthopaedic Centre, Oxford OX3 7LD, 
UK. Fax: (01 865) 227354 
adult life. Pathological bone resorption results when this 
process does not accord with physiological demands; i t  
may be generalised, involving the entire skeleton (eg 
hyperparathyroidism), or localised with the formation of 
one or more discrete osteolytic lesions (eg skeletal 
metastasis). Both physiological and pathological bone 
resorption is carried out largely, if not exclusively, by 
highly specialised, multinucleated cells called osteo- 
clasts.  An increase i n  osteolysis is thus usually 
associated with an increase either in the number or the 
activity of bone-resorbing osteoclasts. 
This review will focus on the process of osteoclast 
ontogeny, in particular those studies which have 
analyscd human osteoclast formation. These investiga- 
tions have considerably clarified the nature of osteoclast 
precursors and the osteoclast lineage; they have also 
provided information on the cellular and humoral 
mechanisms involved in the increase in osteoclast 
numbers (and consequently osteolytic activity) found at 
sites of pathological bone resorption. This review is in 
three parts. First, the characteristic structure and function 
of osteoclasts, as well as a number of other defining 
features of these cells will  be described; then, 
experimental work on osteoclast ontogeny and cellular 
and humoral influences on this process will be 
presented; finally, the manner in which pathological 
bone resorption in man results from disturbances in 
osteoclast formation will be discussed. 
Osteoclast structure, function and phenotypic 
characteristics 
Osteoclast structure 
Morphologically, the osteoclast is a large 
multinucleated cell which is found on the surface of 
trabecular and cortical bone. Osteoclasts are un- 
commonly seen in normal mature bone but are 
prominent in areas of active bone resorption where one 
or more osteoclasts lie in depressions on the bone 
surface called resorption or Howship's lacunae (Ham and 
Cormack, 1979). The ostcoclast has an abundant pale- 
staining cytoplasm which is strongly (tartrate-resistant) 












